Introduction
Mother-to-child-transmission (MTCT) is the main route of HIV-1 infection in children. 1 Although the magnitude of maternal HIV-1 RNA plasma viral load is the main risk factor in MTCT, genetic characteristics play an important role in HIV-1 transmission to children born to HIV-infected mothers. 2, 3 The role of HLA genes on the control of HIV-1 replication has been studied since 1996. 4 Currently, there is great interest on variants of HLA genes codifying regions that can affect the host immune response to HIV infection. HLA alleles are responsible for antigen presentation to CD4+ and CD8+ T cells. [5] [6] [7] [8] [9] Despite strong evidence on the important role of HLA-B polymorphisms on HIV-1 MTCT risk, the available data are often contradictory. [10] [11] [12] The most recent studies have focused on HLA genes codifying regions that can affect functional and structural gene's properties, modifying their capacity of presenting antigens to T cells and, in consequence, the effectiveness of immune response. [5] [6] [7] [8] [9] Cytotoxic T lymphocytes are believed to promote a better control of HIV infection in response to epitopes presented by HLA-B alleles, due to the relative resistance of this allele to Nef-mediated negative regulation. 13 Much has been learned about HLA-mediated influences on the evolution of HIV with the MTCT. However, several points remain unresolved, and there are controversial results on the effects of HLA on HIV MTCT. 14 HLA-B is the most polymorphic gene, with a total of 5212 alleles (by August, 2018, IMGT-HLA). 5 Although there are several published studies on HLA-B alleles and their association with HIV progression in infected adults, there is a lack of information on their role in MTCT. 15 The goal of this systematic review was to evaluate the association between HLA-B reported polymorphisms, HIV-1 MTCT rate, and the progression of HIV disease in children.
Methods
We performed a systematic review on HLA polymorphisms and their association with HIV-1 MTCT, according to the Preferred Reporting Items for Systematic Reviews and MetaAnalyses (PRISMA) recommendations. 16 Tw o independent reviewers (CAJM, CCT) performed the search in the following databases: PubMed (MEDLINE and EMBASE), Europe PMC, Cochrane, Scientific Electronic Library Online (SciELO), and Literatura Latino-americana e do Caribe em Ciências da Saúde (Lilacs). The key words used in the search were: "HIV infection", "HIV newborn" as the problems, "HLA polymorphisms", "HLA-B" as predictors, and "Mother to child transmission" as result. The search strategy in PUBMED is presented in supplementary file 1. All papers published in English, Spanish or Portuguese were searched, without time or study population restriction. Initially, titles and abstracts were read by reviewers (Fig. 1 ). Reviews, letters to the editor, and comments were not included, but were sources of additional references that did not appear in the first search.
The inclusion criteria were: (1) cross-sectional, cohort, or case-control studies; (2) focusing on HIV-1 MTCT; (3) describing HLA-B polymorphisms; (4) using molecular methods (Restriction length fragment -RFLP, PCR-RFLP, specific sequence PCR-SSP, specific sequence of PCR oligonucleotides-SSO, PCR-Luminex, and PCR sequence-based typification-SBT) to evaluate HLA-B frequencies; and (5) comparing children exposed to HIV-1 during pregnancy or breast-feeding period.
Papers that did not study HLA-B in HIV-1 MTCT, those duplicated or with no description of HLA-B polymorphisms were excluded.
All studies included maternal HIV-1 plasma RNA viral load (PVL) and CD4+ cell count as the main variables to evaluate the role of HLA-B on HIV infection and MTCT.
Data extraction was performed independently by two authors (Cubillos-Angulo JM and Castro-Cuesta T) and discrepancies between reviewers were solved by consensus. A table for data extraction was built by each reviewer before manuscript writing. The table included information on all relevant variables in each retrieved study, including sociodemographic data, time of maternal HIV diagnosis, duration of antiretroviral treatment (ART), use of peripartum prophylaxis, use of ART during pregnancy, type of delivery, presence of coinfections or other relevant comorbidity.
Results
Initially, 96 studies were selected in the main databases search. After detailed review, 83 were excluded: 30 reviews, 36 not related to MTCT, 17 had not enough information on HLA-B polymorphisms, or no sufficient data on HLA-B polymorphisms. In addition, four other studies were excluded for being case-reports, 2 short communication, 1 or letter to the editor. 1, [17] [18] [19] [20] The remaining nine studies describing HLA-B polymorphisms in HIV-1 MTCT were included in this review. Fig. 1 summarizes the studies selection process.
Among the nine selected studies, three had a case-control design and six were cohort studies. In all studies, cases were HIV-1-infected children, and all studies were based on previously established cohorts of HIV-infected adults (both sexes). The studies were conducted in six different countries, three of them from South African cities (Johannesburg, Kimberley and Durban).
In six studies, the variables HIV-1 plasma RNA viral load (PVL) and CD4+ cell count, were evaluated only in mothers, two studies reported results for both children and mothers, and in a single study CD4+ count and PVL were evaluated only in children. In one study only HLA-B was evaluated, while in the remaining eight all class I HLA alleles were included in the evaluation, as shown in Table 1 .
In this review we detected 16 alleles groups significantly associated with risk of HIV MTCT and/or with progression of disease in HIV-infected children (Table 1) . HLA-B homozygosis was assumed as one allele group, HLA-B*57 allele was the most frequent allele showing a protective effect against the risk for HIV infection in children. This protective effect was detected in four different studies. 10, 11, 21, 22 Four alleles groups (HLA-B*27, B*57, B*58, B*81) were significantly associated with slower progression of HIV infection in children while six alleles groups (HLA-B*8, B*18, B*42, B*44, B*49, B*53) were associated with reduced risk of HIV-1 MTCT (Table 1) . HLA-B*53:01 allele Records excluded (n =83 )
Reviews (30) Studies t hat did not mention vertical tran smission (36) Insufficient d ata f rom HLA-B polymorphisms (17) Full text articles assessed for eligibility (n = 13)
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Lett er to the ed itor (1) Case Rep ort (2) Commentary (1) Studies included in qualitative synthesis (n = 9) was associated with reduced risk of HIV-1 MTCT in the study by Winchester et al., but was also associated to rapid disease progression in the study by Gao et al. 12, 23 On the other hand, five alleles groups (HLA-B*18, B*35, B*45, B*58, B*homozygosis) were related to rapid HIV progression in children, and six alleles groups (HLA-B*13, B*14, B*35, B*44, B*50, B*homozygosis) were associated with increased risk of MTCT (37.5%). The HLA-B*35 allele was associated with both, increased risk of MTCT and rapid progression to AIDS in HIVinfected children. 24 Controversial evidence was found for three out 16 alleles groups: HLA-B*58:02 allele was associated with rapid HIV progression in the study by Adland et al. 10 ; however HLA-B *58:01 allele was associated with slower progression of HIV infection in children in the studies by Adland et al. and Thobakgale et al. 10, 11 HLA-B*44 allele group was linked to lower risk of HIV infection by Nkenfou et al., 25 while Winchester et al. detected a higher risk of HIV-1 MTCT in the presence of HLA-B*44:02 allele. 12 HLA-B*18 allele was associated with protection against early HIV-1 infection in the study by Farquhar, while 26 Adland detected association between HLA-B*18 and increased HIV-1 replication capacity. 10 Discussion HLA-B polymorphisms present evolutionary relationships and differences directly associated to epitopes processing and peptides linkage. 27 This characteristic leads to induction of T and NK cells response to pathogens with distinct specificities. 7 Knowing the associations between HLA-B polymorphic variants and HIV-1 MTCT can add to the understanding of the pathogeny of HIV-1 infection. This systematic review showed that there are 16 HLA-B alleles groups related to HIV-1 MTCT, the main cause of HIV infection in children. 28 Eight out of nine included studies performed molecular analysis of all class I HLA alleles and found stronger associations between MTCT and HLA-B allelic groups. According to Carrington and Walker the specificity in HIV-1 control is determined by polymorphisms in the nucleotides sequence that codify the antigen ligation region. Once HLA-B is the most polymorphic alleles in class I HLA, its amino acids have a stronger association to HIV-1 control than any other HLA group. 8 Our systematic review identified a significant association between HLA-B*53:01 and a lower risk of HIV-1 MTCT in mothers presenting high HIV-1 plasma viral load. 12 However, Gao et al. demonstrated that adult patients presenting with HLA-B*53:01 allele had a faster progression to AIDS than patients without it. 23 Apparently, HLA-B*53:01 allele is protective against HIV-1 MTCT, although involved in progression to AIDS in a similar way to that of HLA-B*35 allele, since they are phylogenetically related. 23 In addition, this review showed an association between alleles HLA-B *35:01 or HLA-B *35:03, with increased risk of HIV-1 MTCT and faster disease progression in children. 24 The available evidence demonstrates that HLA-B*35 group allele expression is associated to faster AIDS progression, probably because it is not able to establish a ligation to HIV-1 peptides, failing in building a protective immune response. 29, 30 On the other hand, slower progression to AIDS and minimal impact on CD4+ cells count are consistently associated with HLA-B*57 expression. 10, 11, 21, 22 According to Košmrlj, thymic T-cells restriction caused by HLA molecules like HLA-B*57 present less auto-peptides and, in consequence, are more efficient in recognizing point mutations in viral peptides. 31 Some associations between specific alleles and MTCT are not detected in distinct geographic regions, because HLA alleles profiles are different, and association between MTCT and HLA alleles could vary in different populations, as concluded by Zhang et al. 32 For instance, Nkenfou et al. detected association between expression of B*44 allelic group and resistance against HIV infection in Cameroonian children. 25 However, Winchester et al. detected association between HLA-B*44:02 allelic and increased risk of MTCT in AfroAmerican and Hispanic mothers in Puerto Rico and United States. 12 The available evidence allowed us to conclude that both, HLA-B*57 and HLA-B*81, can be grouped as classic protective alleles against MTCT. The HLA-B*57 allele was associated to lower HIV-1 plasma viremia in several studies, in different populations, and slower HIV disease progression, 33, 34 while HLA-B*81 allele was associated to lower decrease in CD4+ cells count in HIV-infected patients. 35 On the other hand, HLA-B*35 allele can be placed in the group of HLA alleles that increase the risk of HIV-1 MTCT, although it is also associated to lower HIV-1 plasma viral load in infected mothers. 12 Some HLA-B*35 subtypes can be included in two major groups, according to their ability to link to peptides, B*35Py e B*35Px alleles. 36 B*35-Px group expression is associated to a faster progression to AIDS and greater decline of CD4+ cells count, and includes the B*35:03 subtype. 37 It is also important to note that HLA homozygous mothers presented higher HIV-1 plasma viral load, a clear risk factor to both, MTCT and faster AIDS progression in children. It is consistently reported the association between mothers' HLA homozygosis and these poor outcomes, regardless of alleles' type, or mothers' HIV-1 plasma viral load, as a result of poor alloimmune response in children and consequent prolonged survival of HIV-infected cells. 38 The available data reinforce that HLA-B coincidence of mothers and children increases the risk of in uterus HIV infection, due to the reduced ability of children's immune system in recognizing HIV-1 through maternal immune response, which results in lower likelihood of alloimmune response. 24, 25, 38, 39 Sharing the same HLA-B subtypes of mothers decrease the T-lymphocytes cytotoxic ability, since the cells surface molecules are not recognized as self-ones. 40 Mapping HLA-C, E, G, and HLA-B alleles in trophoblast could identify children at higher risk of MTCT, as described by Meuleman et al. 40 Some limitations of included studies are also clear: studies on the association of HLA allele frequency and specific diseases are sometimes hard to replicate, due to variations in different populations and HLA polymorphisms. 22 Adland et al. also pointed out that distinct age range of children included as faster or slower progressions contributed to limit the generalization of results. 10 In this review, a clear limitation is the concentration of studies (53%) in African populations, making it difficult to extend the conclusions to other population groups. The small sample size of the majority of studies also limits the reach of our conclusions and does not allow us to perform a metaanalysis.
However, taken together, the data obtained in this review provide a greater insight on the genetic mechanisms involved in HIV-1 MTCT, especially its association with HLA-B allele expression. Our findings suggest that HLA-B polymorphisms can impact the risk of MTCT and the evolution of HIV-1 infection in children. Larger studies in different populations are required to shed more light on the genetic factors involved in MTCT.
Conclusions
This systematic review showed a significant association between HLA-B alleles expression and HIV-1 MTCT, with at least 16 alleles groups linked to HIV-1 transmission and disease progression in HIV-infected children.
